INTRODUCTION
It is a widely accepted idea, that grain boundaries in granular ceramic superconducting thin films can be considered as Josephson junctions (boundary JJs or BJJs). 1 The geometrical dimension of a JJ is related to the coherence length, which is extremely short in this kind of superconductor, ll-16A in the a-b plane, and 1.5-3 ~ in the c-direction)These small distances are comparable to boundary layers of grain some few atoms thick) With the present state of the art it is very difficult to prepare in a controlled way by nanolithography or the formation of extremely thin sandwich structures a JJ of ceramic material. 4 With the present progress in material processing, however, one is able to prepare thin films with a few BJJs or, as will be described in the following, a network of hundreds of BJJs.
There is a large amount of literature available on experiments with JJs from conventional and ceramic superconductors, as a wide spectrum of applications can be expected or have been realized. From the theoretical point of view, these experiments help to understand the nature of superconductivity and especially of dynamic, nonequilibrium effects. One of these effects is the enhancement of superconducting properties, like the critical 347 current Ic, which has been reported in weak links of conventional superconductors 5-7 and has been explained by a model of Aslamazov and Larkin (AL) 8 and in a more intuitive way by Tinkham 9 using a similar approach. In the following we present the various pieces of evidence, that we are able to prepare a network of BJJs in a good quality superconducting YBa2Cu307_x film, which shows an enhancement of the supercurrent and a voltage step in the voltage-current characteristic (VCC). In sec. 3 we compare the AL 8 model with our experimental results. Finally some conclusions are given.
EXPERIMENTAL RESULTS
Our superconducting thin films have been prepared by the non-vacuum chemical aerosol deposition technology using the solution of metal organic fl-diketonates of Y, Ba and Cu as precursors. 1°-12 In the present study we used SrTiO3 (100) as a substrate; the resulting films exhibit, after an anneal heat treatment at 850°C, a Too and transition width of 89 and 2 K respectively. The film thickness is typically 250 nm and Ic in the order of 10 4 A/cm 2 at 77 K. X-ray diffractometry indicates the orthorhombic perovskite structure with the c-axis perpendicular to the substrate. The film is highly granular with a grain size of approximately 150 nm, as can be observed by SEM pictures, see Fig. la. For critical current measurements microbridges were fabricated from the superconducting film by standard photo lithography and ion-beam milling. As an example a SEM picture of a 10x 10/xm 2 microbridge with the regular granular structure is given in Fig. lb .
The first type of measurements were VCCs taken at different temperatures. For these we used a continuous flow 4He cryostat (Oxford Instruments CF 1204) operating between 4 and 300 K. The sample was placed on a copper block together with a calibrated RhFe thermometer and a heater inside the sample space, and was cooled by exchange gas (4He at 1 bar). The electrical measurements were done by a four-probe technique using a current source, operating at dc or at low frequency ac (-< 100 Hz). Figure 2 shows as an example a VCC (sample 597-1, Tc0=86 K) at a temperature, measured by the RhFe thermometer, of 77 K; the microbridge, however, can be at higher temperature at higher currents, as will be shown below. Three types of critical current can be observed:/co, up to this current no voltage is generated across the bridge,/~1, the extrapolation of the linear high current state to zero voltage, and I* and the corresponding V*, the coordinates of a sudden voltage step, which exhibits an increasing hysteresis at low temperatures. The curve from /co up to I* is often referred to as a "foot," the curve above the voltage step can be compared to an RSJ (resistive shunted junction) model calculation, ~3 with a shifted asymptote. In this
